This paper is dedicated to the memory of Ing. Secondo Franchi who found so many fossils in the Schistes lustrés (his "calcescisti con pietre verdi") and, as an exceptional field geologist and observer, carefully described, as early as at the beginning of the 20th century, many lithological characteristics of these metasediments. His descriptions were outstandingly useful for further research on facies, age and geodynamic significance of the Schistes Lustrés.
INTRODUCTION
The Alpine and Corsican Schistes Lustrés (SL), also called Bündnerschiefer or Calcescisti, are Mesozoic metasediments often associated with ophiolites, which crop out all along the internal zones of the Alps ( fig. 1 ). They are derived from the vanished Valais (North-Penninic) and Piemont-Ligurian (South-Penninic) oceans and from their continental margins.
Alpine and Corsican SL : neither very thick nor monotonous
In the mountain landscapes of the Alps and Corsica, the SL generally seem, at first sight, to be both monotonous and very thick. However in many sections their apparent thickness is due to repetitions which result from polyphase isoclinal folding, and their monotony ( fig. 2 , 3, 4) mainly results from a uniform metamorphic foliation which in fact affects the different kinds of metasediments.
Stratigraphy and age : poorly known
The SL include several types of lithologies. However, their stratigraphy, age, sedimentological features and palaeogeographic significance, which all are crucial for geodynamic reconstructions, are still poorly known.
Most of the SL are nearly azoic for two main reasons : (1) the sedimentary peculiarities of deep-sea sediments which are characterized by a primary very poor fossil and even microfossil content, and above all (2) recrystallization due to subduction-and collision-induced deformation and metamorphism. This explains why during the late 19th and early 20th centuries many authors believed that they were, e.g., Paleozoic, or Triassic, or a "comprehensive" and monotonous Mesozoic formation, etc.
During the first half of the 20th century, most Alpine geologists believed that the Alpine SL were Liassic in age, because of fossils discovered by Alb. Heim [1891] and S. Franchi [1898, 1910] (fig. 4) ; however all fossils discovered by these authors are characteristic for shallow-water deposits, which is not the case of the major part of the SL (see below, § VI). Later, most SL appeared to be Cretaceous, because they postdate Middle-Upper Jurassic radiolarian cherts and limestones, and it is now possible to distinguish Jurassic and Cretaceous SL, belonging to different successions (see, e.g., § II). 
Aim of the paper
In the following we shall first show briefly that it is possible to go from the deformed, schistose and metamorphosed SL back to the original sediments, whether deep-sea or not. Then, biostratigraphic ages of poorly or not metamorphosed SL or of similar sediments will be established. Using these results, age and lithostratigraphy of various azoic SL series may be, at least roughly, reconstructed.
I. -BACK TO THE ORIGINAL SEDIMENT
In the field, it is very often possible to go back from the SL to the original, non-metamorphic sediments. For instance, hemipelagic-pelagic-ooze-derived calcschists are clearly different from shaly-sandy or calcareous-sandy metaflysch ; at some places, graded bedding can even be observed ( fig. 5 ).
Hemipelagic-pelagic background versus detrital supply
All deep-sea sediments, like the Jurassic-Cretaceous SL, are made up of the association of two categories of sedimentary material.
Hemipelagic-pelagic background (HPB)
The slow deposition of siliceous or calcareous planctonic shells, and of terrigenous clay particles, gives birth to the hemipelagic-pelagic background (HPB). As will be shown further on, the dominant lithology and particularly the either more argillaceous or siliceous (A) or more calcareous (C) composition of this HPB depends on environmental conditions at the scale of the Tethys or even of the world ocean : shape of the basin and its relationships with continental margins, ocean currents, eustatic events, etc. At least during Jurassic-Cretaceous times, these A and C characteristic lithologies occur in 10 to 40 m.y. long alternating episodes (see below, § II and III).
The particular case of the pelagic "Argille a Palombini"
In the non-metamorphic oceanic series of the northern Apennines ( fig. 6 ), sedimentation of Jurassic radiolarian cherts and Calpionella limestones was followed by that of the Lower Cretaceous "Argille a Palombini" (Palombini Shales) [Elter, 1975] , i. e. of non-calcareous dark shales that bear cm-to dm-thick beds of limestones (the "Palombini"), at some places associated with minor sandstone beds. An analogous formation is also known in the Alps (Replatte Fm [Lemoine et al., 1970] and similar formations : § II, fig. 9 ) and in Corsica (Erbajolo Fm [Amaudric du Chaffaut et al., 1972] and metamorphic equivalents : § V, fig.13 ).
The shales are generally interpreted as deep ocean clays deposited below the CCD, and the limestone beds as pelagic turbidites originating from less deep parts of the basin, above the CCD ; the whole therefore characterize an A-type HPB episode. A present-day counterpart is possibly found in the recent sediments of the Romanche trough (Equatorial Atlantic) : piston cores [Kullenberg, 1959; Mellis, 1958] revealed layers of pelagic calcareous ooze intercalated between non-calcareous clays deposited below the CCD.
Detrital supply
Olistoliths, breccias, debris-flow deposits, more or less proximal or distal turbidites may be associated with the HPB. They are derived from various sources, ranging from active submarine fault-scarps to submarine canyons and slopes. The nature and distribution of such sediments mostly depends on local tectonic events.
Searching for stratigraphic markers
Detrital beds cannot be used as stratigraphic markers That clastic intercalations cannot be used as stratigraphic markers, results from conditions linked with their local origin, and from the fact that analogous favourable conditions may occur in many places and at different times.
For instance, the typical "Brèche du Télégraphe" in the western Alps, easy to recognize and characterized by mostly calcareous-dolomitic clasts, was first believed to be restricted to the Liassic [Kilian, 1891] . However, analogous breccias are now dated, from place to place, Liassic, Mid-Jurassic, Oxfordian (Brèche du Télégraphe s. str.), or Upper Cretaceous [Barbier, 1948 ; Lemoine, 1967] . They may reflect local tectonic events and result from submarine faulting during or after rifting, which might be highly diachronous.
Similarly, the "Gresten Beds" which are Liassic at their type locality (northern border of the eastern Alps, between the Calcareous Alps and the Rhenodanubian flysch zone), exhibit an association of shales, sandstones, and coal beds. [Franchi, 1910] , NE of the Montgenèvre pass (western Alps). In this tectonically overturned Piemontese stratigraphic series, affected by slight blueschist then greenschist metamorphism, Upper Triassic dolomites (whitish cliff) and fossiliferous Rhaetian-Hettangian beds in "Kössen facies" topped by a thick calcareous layer (now dated Hettangian) are followed by SL which seem monotonous. However, several different formations were described in detail nearly a century ago by Franchi [1910] . Nothing, except the ages, has to be changed in his description of the section : numbers 1-9 refer to Franchi's "Lias Piemontese" which is fossiliferous (few Liassic ammonites and belemnites) only in limestones 1. Franchi's formations 2 to 9 are now dated Jurassic and Cretaceous and clearly correspond to episodes C1 to C4 as described in § II & III and figure 8. A comparable clastic facies association may be deposited under similar conditions (transgression, first continental then shallow marine beds) which may occur in different places and at different times.
The nature of the HPB may be a rather good stratigraphic marker
In contrast to local event-derived clastics, hemipelagic-pelagic lithologies are typically controlled by the evolution of Tethyan or even global climatic and oceanographic conditions. This results in the occurrence of several widespread, characteristic and contrasting formations with relatively well-defined ages. For instance, the dominantly argillaceous Lower Cretaceous "Black Shales" are known in many Alpine units as well as in the Atlantic ocean [Jenkyns, 1980 ; Graciansky et al., 1981 Graciansky et al., , 1982 . Their deposition is generally followed by that of dominantly calcareous Upper Cretaceous Globotruncana-bearing limestones and marls (e.g. "Couches Rouges" of the Prealpine nappes, "Scaglia" of the Apennines), which are known in the whole Mesozoic Tethys as far as the island of Timor [Gageonnet and Lemoine, 1958 : p. 60] .
In Jurassic and Cretaceous times, an alternation of 10 to 40 m.y. long episodes, either of A type (non-calcareous : argillaceous or siliceous) and C type (calcareous) may be distinguished.
II. -DATING SUCCESSIVE, JURASSIC-CRETACEOUS A AND C EPISODES : THE HELP OF FOSSILIFEROUS, POORLY METAMORPHIC SERIES
Non-or poorly-metamorphic successions deposited on ophiolites : Ybbsitz klippen west of Vienna and Ligurian units of the northern Apennines
The Ybbsitz klippen zone Its ophiolites and sediments are sandwiched between the nappes of the northern Calcareous Alps above, and the Flysch zone of the eastern Alps below. The rather well-dated sedimentary series [Schnabel, 1992] was deposited on ophiolites (undeformed pillow-basalts, serpentinites) and comprises a fossiliferous characteristic succession : radiolarian cherts, Aptychus limestones, typical "Palombini", sandy then calcareous flysch ( fig. 6 ). This rather well dated succession shows a clear A-C-A-C -alternation.
Indeed, nobody would call "SL" or "Bündnerschiefer" these deep-ocean sediments which are poorly deformed (slight folding, non-penetrative deformation) and nearly not metamorphosed. Nevertheless, a similar succession, if affected by relatively strong Alpine Tertiary deformation and metamorphism, would resemble "classical" SL.
Northern Apennines
As in the Ybbsitz klippen zone, this succession [Elter, 1975] exhibits the same A-C episodes ( fig. 6 ), except if laterally replaced by clastics (Gottero sandstones).
In these successions, sandy flysch can precede or laterally replace the Upper Cretaceous calcareous flysch. Similar occurrences will be encountered in the highly metamorphosed Corsican SL (Cap Corse : § V).
Valais (North Penninic) SL and flysch of the Prätigau (eastern Switzerland)
In the Prätigau half window, all authors distinguish "Bündnerschiefer" (Lower Cretaceous and Cenomanian) and "flysch" (Turonian to Lower Eocene). The subdivisions of the Cretaceous are dated by palynomorphs up to the Cenomanian [Pantic and Gansser, 1977] , by foraminifera in and after the Turonian [Nänny, 1948] . These are ( fig. 7 ) :
(1) limestone-marl alternations dated early Cretaceous (Klus Fm), (2) black shales and sandstones (Valzeina Fm, lateral equivalent of the Nolla Tonschiefer Fm near Via Mala), i.e. "Black Shales" in "Gault" facies, (3) calcschists dated Cenomanian (Sassauna Fm, Nolla Kalkschiefer), (4) calcareous flysch dated Turonian, Senonian and early Tertiary. Leaving aside the Klus Fm, an exception which will be discussed below ( § VI), this series clearly exhibits the succession of A then C episodes, more precisely A3 (early Cretaceous) and C4 (late Cretaceous), as will be defined later. The boundary between the Black Shales (A3 episode) and the calcareous Upper Cretaceous (C4) is here somewhere in the Cenomanian.
To the south, near the Adula crystalline nappe, the lowermost part of the Bündnerschiefer also comprises synand pre-rift beds, as, e.g., Gryphaea-bearing sandy limestones [Nabholz, 1945] which belong to a complex of imbricates near the front of the Adula crystalline nappe (i.e., the tectonic "mélange" of Steinmann [1994] ).
E and SE of Briançon (western Alps) : Gondran-Lago Nero (near Montgenèvre pass), Queyras and Monviso SL
The greenschist-blueschist (Queyras) to eclogite (Monviso) metamorphosed SL of this area contain a few fossils and microfossils. At least three successions ( fig. 8 ) can be distinguished. They belong to three thrust-sheets which are folded together [Lemoine and Tricart, 1993] . ([Franchi, 1898 ([Franchi, , 1910 ; see also Dumont et al. [1984] ) ; Lower Liassic limestones (C1) are overlain by ammonite-bearing Upper Liassic shales (A1).
These sediments are followed by non fossiliferous beds of alternating A-and C-types. In the Queyras mountains, the C4 calcschists yield some poorly preserved late Cretaceous foraminifera (Globotruncanidae) Oceanic Lago Nero and Queyras series These SL were deposited on ophiolites and begin with Jurassic radiolarian cherts dated Oxfordian near Saint Véran and Bathonian-Callovian at Mte. Traversiera [De Wever and Baumgartner, 1995] ; these cherts are overlain by Upper Jurassic limestones which can also rest directly upon the ophiolites. These Upper Jurassic beds are in turn overlain by Lower Cretaceous Palombini shales ( fig. 9 ) and Black Shales, and by Upper Cretaceous calcschists in the Queyras unit ( fig. 10) , where a few Globotruncanidae were discovered . In the Lago Nero Unit, the non-fossiliferous Upper Cretaceous beds are limestones and Nevertheless, if valid for true deep-sea pelagic sediments, these subdivisions are not so obvious in certain palaeogeographic domains, especially shallower areas, or areas where the depth of the CCD is lower than that of the incipient oceanic ridge ( § VI).
Despite polyphase isoclinal folding and metamorphism, stratigraphy and structure of the aboved mentioned SL of the central and western Alps ( § II) can be unravelled because of three circumstances : (1) sedimentary formations with the characteristics of one or the other A-C episodes can be recognized, (2) these episodes appear in the following order : C1-A1-C2-A2-C3-A3-C4, (3) in many cases the stratigraphic interpretations were confirmed by the discovery of a few fossils or microfossils.
This leads to the conclusion that the recognition of (1) and (2) may help dating azoic SL.
IV. -DATING AZOIC SL (I) : SOME EXAMPLES IN THE EASTERN ALPS
We'll now try to find, in azoic or nearly azoic SL series, the above described C1 to C4 succession, or part of it, which will allow to roughly date the lithostratigraphic members. Examples will be chosen in the eastern Alps and in Corsica.
Oceanic SL of probably North-Penninic origin crop out in the three Penninic windows of the eastern Alps : Lower Engadine, Hohe Tauern and Rechnitz ( fig. 1 ).
Engadine window
Leaving aside the South-and Mid-Penninic units (Platta-Arosa and Tasna nappes), the SL of the Lower Engadine window are mostly Cretaceous in age and of North-Penninic origin [Oberhauser, 1983] . We'll consider here only the Piz Mundin SL series recently described by Bertle [1999, 2001] . These SL or "Bündnerschiefer" were deposited on the MORB pillow basalts of Piz Mundin ; they exhibit facies and successions highly comparable with those of the Prätigau ( fig. 7) : Black Shales and sandstones (late Lower Cretaceous, "Gault" facies : A3) are followed by Upper Cretaceous calcareous flysch (C4), i. e. the so-called "Bunte Bündnerschiefer". However the calcareous lowermost Cretaceous beds are neither Palombini shales nor Black shales : above the pillow-basalts, there are first calcschists, (the so-called "Graue Bündnerschiefer") followed by biodetrital and siliciclastic limestones (Tristelkalk) ; this anomaly will be discussed below ( § VI).
Ocean-derived SL of both the Hohe Tauern (Glockner nappe s.s.) and Rechnitz windows
In the Glockner nappe s.s. of the Hohe Tauern window ("Glockner nappe in Glockner facies" of Frasl and Frank [1966, 1969] ), ophiolites are mainly prasinites, associated with less than 1 % gabbro and a few % of serpentinite and ophicalcite. The metasedimentary cover of this mostly basaltic oceanic crust comprises (1) sandy "garnet-micaschists" which are derived from non-calcareous shales with sandy intercalations, and (2) "Kalkglimmerschiefer", i. e. highly calcareous calcschists ( fig. 3, 11) .
In the Rechnitz window, the ophiolites are overlain by (1) non-calcareous Black Shales (at some places with "Palombini-like" limestone beds) followed by (2) bedded limestones and calcschists (an equivalent of the Hohe Tauern Kalkglimmerschiefer). In both cases, the sedimentary cover of the ophiolitic crust thus exhibits the succession Black Shales -calcschists, i.e., either A2-C3 (Jurassic), or A3-C4 (Cretaceous) ; the latter interpretation is much more likely because of (1) the great thickness of the calcareous member, even if isoclinally folded, and (2) fossils discovered in the limestones of the Rechnitz window : these are sponge spicules of either late early Cretaceous or late Cretaceous age [Schönlaub, 1973] ; as they were not found in Black Shales (which are generally late early Cretaceous in age : end of A3) but in limestones, they are more probably late Cretaceous (C4 instead of A3).
Concluding, both in the Rechnitz window and in the Glockner nappe s.s., the oceanic SL are Cretaceous : from one place to the other, A3-C4 or directly C4 sediments were deposited upon the ophiolites.
Hohe Tauern : continental margin-derived Venediger-Hochsteg unit s. l.
Two units (Seidlwinkel and Venediger), derived from the northern, European margin of the "Glockner ocean" crop out below the ocean-derived Glockner nappe s. l. (fig. 11) . Their SL are Jurassic or Cretaceous.
In the Tux valley, near the NW corner of the window, the Venediger unit comprises a crystalline basement and its sedimentary cover which exhibits a typical C3 -A3 succession with (1) limestones ("Hochstegenkalk" : C3) where an Upper Jurassic ammonite (Perisphinctes) has been found [Mutschlechner, 1956] , and (2) the SL of the Kaserer Fm, i.e. Black Shales (A3) with abundant clastics (olistoliths, olistostromes, turbidites, etc.) ; the latter are syn-rift or early post-rift with respect to the "Glockner ocean". Younger beds (C4) were not described.
To the SW of the Venediger crystalline crest, pre-Hochsteg beds of Triassic and probable Liassic age were described [Frisch, 1975] .
Hohe Tauern : continental margin Seidlwinkel and Modereck nappe These units lie above the Venediger-Hochsteg unit and below the overlying Glockner nappe s.l., in at least two places ( fig. 11) : (1) north of the Tux valley (Modereck unit), and (2) east of the Venediger crystalline basement, on both sides of the Glockner road (Seidlwinkel nappe). Their Triassic pre-rift sediments comprise the sandy Permo-Triassic Wustkogel Fm overlain by the calcareous-dolomitic, Middle-Upper Triassic Seidlwinkel Fm ; at some places in the Seidlwinkel unit, the top of the latter Fm includes gypsum and chloritoid schists of inferred late Triassic age (e.g., Fuscher Törl on the Glockner road).
Post-Triassic beds of the Seidlwinkel nappe : SL of the Brennkogel formation
The SL of the Brennkogel Fm comprise mainly dark calcschists and shales (Black shales) with intercalations of 5 to 20 m thick quartzite beds : a typical association of the so-called "Gault-type" Black Shales as known also in eastern Switzerland (Valzeina Fm and Nolla-Tonschiefer : § II) and in the Engadine window ( § IV). A non metamorphic equivalent is shown by the Aptian-Albian "blue marls" with numerous glauconitic sandstones 10 to 30 m thick beds, and six thin organic matter-rich layers in the Vocontian trough or southwestern France [Rubino, 1988] . The only few metres thick lower part (Schwarzkopf beds) of the Brennkogel Fm is made up of alternating quartzites and kyanite-bearing graphitic shales which can be considered as metamorphosed organic-matter-rich mid-Cretaceous beds. For all these reasons, following R. Trümpy [1966] , we consider that the Brennkogel Fm is of early mid-Cretaceous age (A3).
However, due to the lack of fossils, the problem remains open : the presence of graphitic schists at the base of the metamorphic Brennkogel Fm may also suggest a comparison with the detrital, coal-bearing Liassic Gresten Fm known at the northern border of the eastern Alps ; such an hypothesis leads to consider the apparently deep-sea Brennkogel Fm as shallow marine Liassic, even if not calcareous (no Rhaetian of "Kössen" facies, and no calcareous -C1 type -early Liassic). But as seen above ( § I), detrital, coal-bearing and above all non-or shallow-marine facies cannot be taken as reliable stratigraphic markers.
At the Hochtor pass, the Brennkogel Fm exhibits numerous intercalations of breccias and microbreccias with al sandy matrix and calcareous and dolomitic clasts which are obviously derived from the underlying Triassic beds. This post-rift relatively deep water Fm has therefore been very probably deposited on the eroded pre-rift Triassic carbonates -a situation which reminds the case of the Briançonnais of the western Alps (hemipelagic-pelagic post-rift Malm beds deposited on eroded pre-rift Triassic carbonates).
At least locally (Margrötzenkopf W of Hochtor pass) the upper part of the Brennkogel Fm is made up of calcschists (C4 Upper Cretaceous ?).
Post-Triassic beds of the Modereck unit
They are quite different and comprise, above the Wustkogel and Seidlwinkel Fms, limestones, banded cherts and marls of inferred Liassic to Malm age, but no equivalents of the Brennkogel Fm.
V. DATING AZOIC SL (II) : TWO CORSICAN EXAMPLES, CASTAGNICCIA AND CAP CORSE
In Corsica, SL occur in different metamorphic and tectonic settings. To the SE of Corte, in the Inzecca gorge and around Vezzani and Altiani, slightly metamorphic SL lie on ophiolites : radiolarian cherts, thin uppermost Jurassic limestones and typical Palombini Shales (Erbajolo Fm) build a succession A2-C3-A3 which is clearly Jurassic and early Cretaceous [Amaudric du Chaffaut et al., 1972] .
More to the north, in the Castagniccia and Cap Corse areas ( fig. 12) , the SL and ophiolites underwent strong isoclinal folding and metamorphism in deep blueschist and eclogite facies followed by a greenschist facies overprint. No fossils were found but the lithological succession is very clear : dating these SL series is possible using the above-mentioned criteria, viz. identification of characteristic lithologies, and their succession. As shown on figure 12, a characteristic succession can be clearly seen on the field, resting on ophiolites : (1) quartzites, i.e. metamorphic radiolarian cherts (in certain sections only) ; (2) Western Castagniccia (e.g., region of Campana and Croce, north of Piedicroce) The series rests on serpentinites or metabasalts, and is devoid of any significant sandstone intercalation (no turbidites).
Cap Corse (Morsaglia-Meria, Luri-Cagnano and Sisco sections) A similar series occurs, in a tectonically overturned position. It has been deposited on basalts (now prasinites). Contrary to Castagniccia, the series is here rich in sandstone intercalations. A 3 is at places a distal flysch; between A3 and C4, bedded sandstones ( fig. 14) occur, a few hundred metres thick, which very likely represent a sandy flysch which may be compared with the Gottero Formation of the northern Apennines ( fig. 6, 12) . The upper part of this sandy formation progressively grades upwards into a sandstone-limestone flysch ( fig. 15 ) whose type of stratification reminds that of the Helminthoid, Antola or Caio flysches (western Alps and northern Apennines). Here also, Upper Jurassic (A2 and C3), Lower Cretaceous (A3) and Upper Cretaceous (C4) formations can be identified. On the 1:50,000 geological map [Lahondère et al., 1992] , this stratigraphic series was allocated to two different structural units : the ocean crust and Jurassic limestones to the Sisco unit, and the Cretaceous beds to the Brando unit. In contrast, our interpretation offers a much simpler model which is consistent with the map : a single structural unit including a complete succession from the basalts (prasinites) to the calcareous flysch ( fig. 15) . One may also remark that, if affected by subductionand collision-related metamorphisms, the Ybbsitz series (eastern Alps : § II) and the series of the Ligurian Apennines would resemble the metamorphic SL series of the Cap Corse.
VI. SL NEAR OR ON CONTINENTAL MARGINS : SOME EXCEPTIONS TO THE RULE
The above described succession (A1-C4) is in fact valid for areas which were both deep-sea and not influenced by nearby carbonate platforms. zone, European margin), the Lower Cretaceous beds comprise marly members (e.g., Valanginian marls) but also bedded micritic limestones such as the Barremian-Lower Aptian ones wich are coeval with the proximal "Urgonian" platform carbonates of the Vercors and Ventoux mountains. In fact, this area was relatively shallow, deposited above the ACD because of the abundance of ammonites in so-called "hemipelagic" alternations of micritic limestones and marls.
Another case is that of deep oceanic domains which were born at a time when the CCD was below the depth both of the narrow incipient "ocean", framed by continental margins, and of the incipient mid-ocean ridge (approx. 2,500 m) : this is clearly the case of the Valais (North Penninic) ocean which was born in the early Cretaceous, a time when the CCD was rather deep (see § VIII, fig. 16 ) : this may explain why the Lower Cretaceous beds, first deposited on the new oceanic crust, are generally calcareous. Examples are (1) the Klus Fm in the Prätigau (either of oceanic or of distal margin origin), or (2) the Lower Cretaceous calcschists and Tristelkalk of the oceanic Piz Mundin series ( fig. 7) . Both the bioclastic Tristel Fm and Aroley Fm ( fig. 7) are derived from an unknown carbonate platform.
Particular case of the calcareous Lower Liassic (C1)
At least in Corsica, in the western and the central Alps, no oceanic crust existed in Liassic times : all sediments, including those which are called "SL", were deposited in a shallow water environment, above ACD because of the presence of ammonites, also locally Gryphaea [Franchi, 1910 ; Nabholz, 1945] : this explains the calcareous facies of the Lower Liassic (C1).
VII. -ARE THE SL A PECULIAR FACIES OR FORMATION OF GEODYNAMIC SIGNIFICANCE ?
Since the end of the 19 th century, Alpine SL were often considered as a particular formation or "facies" which would be characteristic of a certain step of the geodynamic evolution of a mountain chain such as the Alps : this step would have always occurred before the flysch and molasse stages [Bertrand, 1897 ; Bolli and Nabholz, 1959 ; Isler and Pantic, 1980] . But our review of Corsican and Alpine SL shows that this cannot be the case, for several reasons.
The different SL may be derived from quite different types of sediments : shallow water, ammonite-or Gryphaeabearing limestones ; pelagic or hemipelagic calcareous muds ; Palombini Shales ; Black Shales ; proximal or distal flysches. From one place to the other, and from one author to the other, the word or concept "SL" or "Bündnershiefer" may, or not, include flysch (compare, e.g., Prätigau and Engadine SL series : § II, IV and fig. 7 ).
Some SL were deposited during the pre-rift stage, others during the syn-or the post-rift stages.
Concluding : there is no well-defined particular "SL facies" ; therefore the deposition of the SL cannot be specific of any stage in the geodynamic evolution of the Alps, even more of other Alpine-Tethyan orogens.
VIII. -C-A ALTERNATIONS AND WORLDWIDE EVENTS : TRUE CORRELATION OR MERE COINCIDENCE ?
Field data show that the two different kinds of HPB lithologies, viz. C and A, are more or less time markers in nearly all pelagic-hemipelagic domains of the Alps and of Corsica, a fact which indeed requires a global explanation. But a thorough discussion will be too long in a paper mainly devoted to facts that allow dating of some SL series. We shall only suggest here shortly two possible correlations with certain world-wide events : global sea level on the one hand, CCD variations and major biological events on the other hand.
Possible relationships with eustatic first order events
At a first sight, it appears that C episodes are roughly coeval with first-order regressions, A episodes with first-order transgressions ( fig. 16 ). In other words, when a major transgression invades continental platforms, sedimentation in deep basins, far away from the platforms, is predominantly argillaceous or marly (A). By contrast, during a regression and emergence of the platforms, the HPB sedimentation in the deep basins is predominantly calcareous (C).
Deep-oceanic pelagic sediments : influence of variations of the CCD linked with changes of the planctonic biomass ACD and CCD are equilibrium surfaces where the sedimentation rate of aragonite and calcite equal the dissolution rate. In broad and deep basins, the calcium carbonate may be derived from (1) carbonate platforms (periplatform ooze), and (2) the calcareous tests of planctonic organisms.
As for the deeper part of the basins, i.e. on oceanic crust and on deeply subsided distal continental margins, the HPB may be alternatively calcareous (C) when the bottom is shallower than the CCD, or argillaceous-siliceous (A) when deposition occurs below the CCD. It seems that in such deep-sea environments, CCD is partly governed by the pelagic calcareous biomass, which depends on variations of calcareous plankton abundance.
Consequences of major biological extinction at the end of the Triassic (210 Ma) : shallow ACD and CCD in the beginning of Jurassic times
This major extinction very likely induced the disappearance of a great number of planctonic taxa, hence a drastic decrease of biodiversity and abundance. This may have resulted in a decrease of the calcareous plancton biomass. As a consequence, the mean depth of ACD and CCD in the world ocean was rather shallow, probably less than 1000-1500 metres in Liassic or Mid-Jurassic times. This hypothesis explains why, in contrast to present-day oceans, the first sediments laid down at ca 2500 m depth upon the new born Piemont-Ligurian (South-Penninic) ocean were radiolarian oozes (i.e., our A 2) instead of calcareous oozes [Bosellini and Winterer, 1975 ; Laubscher and Bernoulli, 1977] .
Biotic recoveries
Biotic recoveries follow a mass extinction, partly immediatly and partly later, eventually some million years after (see, e.g., Lethiers [1998] At the beginning of the late Jurassic, a planktonic bloom (sudden appearance of Protoglobigerinidae, then increase of Coccolithophoridae, appearance of Saccocomidae, later of calpionellids, etc.) very probably induced sinking of both ACD and CCD [Bosellini and Winterer, 1975; Laubscher and Bernoulli, 1977] . This explains why Mid-Jurassic to Kimmeridgian clay or radiolarian ooze deposition (A2) has been followed by calcareous ooze deposition (C3) both in domains floored by oceanic crust and in deeply subsided distal continental margins. As in these areas extension-induced thermal subsidence continued, the bottom might have reached and then sunk below the CCD : this may explain the beginning of the early Cretaceous A3 episode.
At the beginning of late Cretaceous times, a second first-order planktonic bloom of Globigerinidae, Globotruncanidae, Gümbelinidae, etc. induced again sinking of the CCD, inducing limestone deposition in deep basins (C4 event), with a CCD probably not very different from that of the present-day in the Atlantic (around 4 000-4 500 m). Of course, certain taxa may have undergone extinction, e.g. around the Cenomanian-Turonian boundary, but we consider here only first-order events : the bulk of the families, genera and species that could give birth to widespread deep-sea Globigerina-Globotruncana oozes indeed appeared around the beginning of the late Cretaceous.
Global explanation or mere coincidence ?
Concluding, initiation in deep-ocean domains of the two major Tethyan calcareous episodes, viz. the so-called "Barre Tithonique" (Tithonian cliff), and the Upper Cretaceous limestones and marly limestones seems to have been more or less governed by two kinds of events : (1) biological events affecting the calcareous plancton, and (2) first-order eustatic changes, more precisely first-order regressions. In contrast, A episodes are linked with first-order transgressions.
As there were very probably no glaciers on the Earth during the Mesozoic [Habicht, 1979; Lethiers 1998 ], C and A episodes, if linked with eustatic trends, seem to have been above all governed by variations in the volume of ocean ridges : ocean spreading rates, i. e. mantle processes, would be a possible cause.
Of course, the shallow-water Liassic C1 episode, coeval with the starting Jurassic transgression, requires another explanation.
But these remarks are only suggestions for further discussion : our purpose here was mainly to find an at least rough method for dating deep-sea Jurassic-Cretaceous azoic sediments.
IX. -CONCLUSION : LITHOSTRATIGRAPHIC AND BIOSTRATIGRAPHIC DATA, FROM CORSICA TO HUNGARY Our review from Corsica to the Rechnitz window at the Austrian-Hungarian boundary resulted in a rough datation of several azoic and metamorphic SL series ( fig. 17) . This was possible thanks (1) to the recognition of the pre-metamorphism original sediments and (2) to the fact that the succession C1-A1-C2 (on continental margins) then A2 to C4 (on distal margins and oceanic crust) was everywhere found, and also (3) because in certain series, a few fossils and microfossils confirmed our lithostratigraphic model.
